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Abstract
Background: Elevated blood pressure is the leading risk for mortality in the world. Task redistribution has been shown
to be efficacious for hypertension management in low- and middle-income countries. However, the workforce
requirements for such a task redistribution strategy are largely unknown. Therefore, we developed a needs-based
workforce estimation model for hypertension management in western Kenya, using need and capacity as inputs.
Methods: Key informant interviews, focus group discussions, a Delphi exercise, and time-motion studies were conducted
among administrative leadership, clinicians, patients, community leaders, and experts in hypertension management.
These results were triangulated to generate the best estimates for the inputs into the health workforce model. The local
hypertension clinical protocol was used to derive a schedule of encounters with different levels of clinician and health
facility staff. A Microsoft Excel-based spreadsheet was developed to enter the inputs and generate the full-time equivalent
workforce requirement estimates over 3 years.
Results: Two different scenarios were modeled: (1) “ramp-up” (increasing growth of patients each year) and (2) “steady
state” (constant rate of patient enrollment each month). The ramp-up scenario estimated cumulative enrollment of
7000 patients by year 3, and an average clinical encounter time of 8.9 min, yielding nurse full-time equivalent
requirements of 4.8, 13.5, and 30.2 in years 1, 2, and 3, respectively. In contrast, the steady-state scenario assumed a
constant monthly enrollment of 100 patients and yielded nurse full-time equivalent requirements of 5.8, 10.5, and 14.3
over the same time period.
Conclusions: A needs-based workforce estimation model yielded health worker full-time equivalent estimates required
for hypertension management in western Kenya. The model is able to provide workforce projections that are useful for
program planning, human resource allocation, and policy formulation. This approach can serve as a benchmark for
chronic disease management programs in low-resource settings worldwide.
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Background
The global burden of hypertension predominates in low-
and middle-income countries (LMICs), with 80% of
hypertension-related deaths occurring in those regions [1].
However, treatment and control rates in these regions are
poor [2, 3], due to inequitable access to health care, failure
to uptitrate anti-hypertensive therapy, co-morbidities (e.g.,
obesity and diabetes), insufficient lifestyle modification,
poor medication adherence, and psychosocial factors [4–9].
In addition to these barriers, LMICs also have insuffi-
cient human resources for health [10]. Given the severe
shortage of physicians in LMICs, task redistribution of
hypertension care from physicians to non-physician health
workers could improve hypertension treatment and con-
trol rates in low-resource settings worldwide [11, 12].
However, the workforce requirements for such a task re-
distribution strategy are largely unknown.
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In this paper, we describe the development of a needs-
based workforce estimation model for hypertension
management in Kenya, modeled after a similar work-
force estimation model developed for human immuno-
deficiency virus (HIV) care in Mozambique [13]. We
aimed to estimate the number of physicians, nurses,
clinical officers, and auxiliary personnel necessary to
provide stable, long-term care for patients with hyper-
tension in this resource-limited setting.
Methods
Aim
To develop a needs-based workforce estimation model
for hypertension management in western Kenya, using
need and capacity as inputs.
Setting
Since its initiation in Kenya in 2001, the Academic
Model Providing Access to Healthcare Partnership
(AMPATH) has established an HIV care system that has
served over 160,000 patients [14]. Recently, in collabor-
ation with the government of Kenya, AMPATH has
broadened its clinical scope of work to include hyperten-
sion care [15, 16]. Our research study was conducted
within the AMPATH catchment area in the Kosirai and
Turbo divisions of western Kenya. Each division has one
rural health center and several more decentralized rural
dispensaries.
Conceptual model
We developed a needs-based workforce estimation model
that took into account need and capacity, resulting in full-
time equivalent health workers. The definition and for-
mula for each of these are as follows:
1. Need: If i denotes patient category and j denotes
type of provider, then need is the total number of
clinical encounters per month for provider j (vj)
required to care for all hypertension patients in
category i (nij), depending on the different
encounter frequency (fij) that patient category i
needs with provider type j.
v j ¼ Σi f ij  nij
 
ð1Þ
2. Capacity is the number of patient encounters
possible per month (Ej) for a provider, depending
on the amount of patient-contact time (tj) each type
of provider can work per month and the average
productivity of each type of provider (time per clin-
ical encounter (mj)).
Capacity : E j ¼ t j=mj ð2Þ
3. The final output is full-time equivalents (FTEs) (Fj)
required for a type of provider to meet the total need:
F j ¼ v j=E j ð3Þ
Data collection
A combination of key informant interviews, focus group
discussions, a Delphi exercise, and time-motion studies
were utilized to generate the data required to calculate
the inputs into the health workforce model (Fig. 1). Re-
sults from each of these techniques were triangulated to
generate the best estimates for inputs into the model.
Key informant interviews: Key informant interviews
(KIIs) were conducted with AMPATH’s Chronic Disease
Management (CDM) leadership, patients, and commu-
nity leaders (N = 7). The interviews took place at a pri-
vate location convenient for the interviewees. Prior to
initiating the KIIs, verbal informed consent was obtained
from each study participant. All interviews were audio-
recorded verbatim, with the research staff member tak-
ing notes.
Focus group discussions: Focus group discussions
(FGDs) were conducted with health workers and patients
(N = 6). The FGDs were scheduled at a location that was
mutually convenient for all participants. Verbal informed
consent was obtained from each FGD study participant.
All group discussions were audio-recorded verbatim, and
the moderator took notes during the discussions.
Both the semi-structured KIIs and the FGDs aimed at
exploring the participants’ assessments of the type and
number of personnel that would be required for a nurse
management of hypertension program at that point in
time, as well as projected into the next several years. The
audio-recordings from all of the sessions were transcribed
and translated into English by an interpreter. Content ana-
lysis of the transcribed interviews, discussions, and moder-
ator notes was performed by first assigning unique codes
based on content [17], according to the following deduct-
ive (a priori) codes: (1) estimated and anticipated number
of hypertension patients to be managed, (2) estimated and
anticipated number of nurses required to provide hyper-
tension care; (3) types and number of other personnel re-
quired for hypertension management, and (4) workflow
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and work-time allocation. Significant inductive (emerging)
codes were also identified. Codes were subsequently
grouped together by theme, and the relationships between
and among them were formulated.
Delphi exercise: We conducted a two-round Delphi ex-
ercise involving eight invited experts in hypertension man-
agement, health care in Kenya, or behavioral research.
The Delphi exercise is a consensus-building, group facili-
tation technique that collects expert opinions through sev-
eral rounds of surveys or interviews and is characterized
by anonymity, iteration, controlled feedback, and statis-
tical group response (expression of the degree of consen-
sus within a group) [18, 19]. Exemption from informed
consent among this study group was requested and ap-
proved due to the minimal risk and absence of any per-
sonal health information involved with this technique.
In the first round, each participant was asked to esti-
mate the number and complexity of hypertension patients
in western Kenya, health workforce requirements to man-
age hypertension, and expected 1-year outcome for such
patients. In the second round, each participant has pre-
sented the first-round responses of all other participants
in an anonymous fashion and again asked to answer the
same questions. At the conclusion of the second round,
the estimates for each of the items were summarized using
descriptive statistics (mean and range).
Time-motion studies: Time-motion studies were con-
ducted in order to supplement information relating to
capacity. Patients seen at rural dispensaries within the
AMPATH catchment area of Kosirai and Turbo were
eligible to participate in this component of the study. After
written informed consent was obtained from each partici-
pant, a research staff member timed the duration of a clin-
ical encounter between each patient and the rural
clinician. The research team member did not enter the
examination room during the health worker’s interaction
with the patient, but rather observed and took notes from
outside the room at the start and end of the clinical en-
counter. The Time-Motion Study application by Graphite,
Inc. (Sacramento, CA), was used to record the time of
each clinical encounter. One-hundred-and-eighteen clin-
ical encounters were observed over seven days in seven
rural dispensaries—66 patients with hypertension and 52
patients without hypertension. Each patient’s demographic
and clinical information was also extracted from the clin-
ical record in an anonymous fashion. The results were
summarized using descriptive statistics.
Model development
The AMPATH clinical protocol for hypertension man-
agement being used at the time of the model develop-
ment and data collection (2013–2014) was derived from
the evidence-based standards of the Seventh and Eight
Reports of the Joint National Committee (JNC) on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7 and JNC 8) [20, 21] using drugs
contained in the Kenyan national formulary [22] and has
been shown to reduce blood pressure among patients
with hypertension [23]. This clinical protocol (Appendix)
was used to determine “patient states” (e.g., systolic
Fig. 1 Overall approach to the study, illustrating the data collection elements, triangulation to create the model inputs, and generation of the
model output using the Microsoft Excel-based worksheet.
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blood pressure (SBP) ≥ 140 mmHg and < 180 mmHg),
each of which was linked to a specific management plan
(e.g., “educate on lifestyle changes and repeat blood
pressure in one month”). This yielded 26 unique “patient
categories,” each of which combined a patient state with
a management plan (Fig. 2). We defined three possible
outcomes for each patient category: improvement (BP
controlled), no clinical change, and worsening. Each of
these outcomes would then determine the subsequent pa-
tient state (e.g., SBP remains ≥ 140mmHg and < 180
mmHg upon repeat measurement) and linked manage-
ment plan (e.g., “enroll into nurse-managed care and initi-
ate pharmacotherapy”), corresponding to the subsequent
patient category.
The 26 patient categories were collapsed into six “clin-
ician-frequency combinations.” More clinically complex
patients are seen by higher-level providers, with higher
frequency. In the example above, a patient enrolled in
nurse-managed care who has initiated pharmacotherapy
would be seen by a nurse every month (Fig. 3a); in con-
trast, a patient with diabetes and hypertension (reflecting
greater clinical complexity) would be seen by a clinical of-
ficer every month. For every clinician-frequency combin-
ation, we created a schedule of “encounters” (which
clinician or staff person a patient sees during each patient
“trip” to the health facility). In the example above, for the
patient enrolled in nurse-managed care, the patient would
encounter the nurse, the pharmacist (for medication
refill), and the triage staff (for intake and registration) at
every trip. At the end of a 6-month period, the patient cat-
egory and clinician-frequency combination would be re-
assessed, allowing for patients to either improve, remain
in the same state, or worsen, with a corresponding change
in category and clinician-frequency combination (Fig. 3b).
We created a model for 3 years, with 6-month re-
assessments based on usual clinical practice according to
the AMPATH clinical protocol.
Similar to the workforce estimation model developed
for HIV care in Mozambique [13], our model was pro-
grammed using spreadsheet technology in Microsoft
Excel 2010 (Redmond, WA). Variables that can be modi-
fied include both demand (need) and supply (capacity)
variables and include the following:
1. Demand (need):
(a) Distribution of patients across patient categories
and clinician-frequency combinations (i.e., what
proportion of patients need to be seen by a
nurse vs. a physician; what proportion of pa-
tients need to be seen every 1 month vs. every
6 months).
(b) Total number of patients, either as target/
expectation at the end of each year, or number
enrolling per month.
(c) Patient attrition due to loss to follow-up.
2. Supply (capacity):
Fig. 2 Encounter frequency and management plan by patient category. A portion of the AMPATH Hypertension clinical protocol is illustrated,
demonstrating different patient categories, each associated with its respective encounter frequency and management plan. In this example, category
7 refers to a patient with elevated blood pressure not yet on medications, who enrolls in nurse-managed hypertension care and initiates
pharmacotherapy. This patient can improve (category 2), remain unchanged (category 8), or worsen (category 12 or 13).
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(a) Number of encounters per day per FTE for each
type of provider (e.g., nurses can see more
patients than physicians due to lower-
complexity patients requiring less time per
encounter).
(b) Total number of days available for clinical
encounters.
Three worksheets are required to generate the esti-
mate of need/demand. Worksheet A has rows that cor-
respond to every clinician-frequency combination linked
to every potential outcome after 6 months. The columns
correspond to each month in the 3-year period (36
months). Each cell corresponds to the number of en-
counters that a patient has with each type of provider at
that particular time point.
Worksheet B has a similar structure to worksheet A
with rows corresponding to every clinician-frequency
combination linked to 6-month outcome, as well as 36
columns. However, each cell corresponds to the total
number of encounters per type of provider, taking into
account the inputs with respect to the total number of
patients per month.
Worksheet C is from the health system perspective
and also has 36 columns for the 3-year period. The
number of rows consists of the number of provider types
multiplied by 36 (number of months in the model).
A fourth worksheet, worksheet D, takes inputs for
both need and capacity and generates the FTE require-
ment for each year, according to Eq. (c) above. The
model allows for two different scenarios. One scenario
allows the user to enter the total number of patients en-
rolled at the end of each year—this scenario allows for
flexibility to ramp up enrollment in subsequent years
after starting with relatively slower enrollment. A second
scenario allows the user to enter the number of new pa-
tients enrolled per month—this scenario mimics more of
a “steady state” of new patients being enrolled at a rela-
tively constant rate when the clinical program is more
established.
Results
Results from the Delphi surveys indicated that as of
2014, an estimated range of 3000–5000 patients was be-
ing treated by an estimated range of 10–70 nurses. By
the end of 2015, there was a projected increase of 2000–
6000 more patients, with an additional 10–80 nurses re-
quired to treat the greater need.
Results from the time-motion studies identified that
among the hypertensive patients, approximately 60%
Fig. 3 Change in frequency of required nurse visits (a) and schedule of encounters with providers (b) for an individual patient. a A patient being
seen by a nurse every month (Nq1) can either improve and transition to being seen every 2 months (Nq2), remain unchanged and continue to
be seen every month (Nq1) or worsen and require referral to a higher level of care (clinical officer) to be seen every month (Cq1). b The schedule
of encounters for each patient, demonstrating that the Nq1 patient sees the nurse, pharmacist, and triage staff during each monthly trip to the
health facility.
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required follow-up in 1 month, 32% in 2 months, and
8% in 6 months. Results from our time-motion studies
and FGDs estimated that for nurses, the available pa-
tient contact time was 720 min per month (assuming
2 days per month dedicated to seeing hypertension
patients in clinic, and 6 h per clinical day available to
see patients), with the time per clinical encounter
equaling 8.9 min (range 3.5–20.2).
Acknowledging that the inputs can be varied, as out-
lined above, we offer examples illustrating the two sce-
narios described above. We assume an equal probability
of changing categories over time, specific to each start-
ing category, but that parameter can be modified as re-
quired to fit program-specific need data. In the first
example, we start year 1 with zero patient volume and
assume 1000 patients at the end of year 1, 3000 patients
at the end of year 2, and 7000 patients at the end of year
3 (ramp-up scenario). Full staffing requirements, from
the system perspective, are summarized in Table 1. In
summary, 4.8 nurse FTE would be required in year 1,
13.5 nurse FTE in year 2, and 30.2 nurse FTE in year 3.
In the second example, we start year 1 with zero pa-
tient volume and assume a constant monthly enrollment
of 100 patients (steady-state scenario). Full staffing re-
quirements, from the system perspective, are summa-
rized in Table 2. In summary, 5.8 nurse FTE would be
required in year 1, 10.5 nurse FTE in year 2, and 14.3
nurse FTE in year 3. Other staff categories for each time
period are provided in Table 2.
Discussion
We present here a workforce estimation model for hyper-
tension management that takes into account patient need
and health system capacity, resulting in full-time equiva-
lent health worker staffing estimates for hypertension
management in rural western Kenya. We used a triangula-
tion approach, combining data from key informant inter-
views, focus group discussions, a Delphi exercise, time-
motion studies, and clinical management protocols, in
order to generate inputs for the need and capacity param-
eters of the workforce estimation model. Based on the
AMPATH hypertension treatment protocols, we were able
to categorize patients according to clinical state, frequency
of clinical encounters, and outcome from each encounter.
The Excel-based model allowed for either ramp-up (in-
creasing number of patients per year) or steady-state (con-
stant enrollment per month) scenarios, thus yielding FTE
requirements for nurses and other cadres of health worker
at each yearly time point.
Our model allows for key inputs to be varied. For
need, the model can accommodate variations in the
number of patients, proportion of patients within each
category, percentage of patients who change categories
over time, and required number of clinical encounters
per month. With respect to the capacity, the model can
be modified according to the number of days per month
when hypertension patients are seen in the health facil-
ity, number of hours available per health worker for clin-
ical encounters, and amount of time spent per clinical
encounter. While we presented two illustrative scenarios,
the various inputs can be modified as required in order
to be specific to each setting and program. A live Excel
workbook is provided as an Additional file 1 for those
interested to work directly with the model.
Our approach for generating the need and capacity in-
puts consisted of combining results from distinct partici-
pant groups and data sources, using a combination of
qualitative methods, a Delphi exercise, quantitative time-
motion studies, and categorization of established clinical
protocols. This approach allowed for triangulation across
participant characteristics, study procedures, deductive
and inductive content coding, and analytic approaches.
Triangulation is a process of comparing the results from
multiple distinct analytic approaches or sources of data,
in order to enhance construct validity and trustworthi-
ness of inferences [24, 25]. While there were substantial
consistency and congruence of our results, there were
also some notable variation. These differences reveal the
Table 1 Workforce requirements at years 1, 2, and 3, according to the ramp-up scenario
Work days per year is based on an estimation that hypertension patients are seen on 2 days per month
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diversity of stakeholder perspectives. Such differences
also highlight the importance of being able to vary the in-
puts in the model, in order to generate ranges of estimates
useful for program planning and policy formulation.
A key component of the workforce estimation model
was the translation of the AMPATH hypertension clinical
protocol into a discrete number of “clinician-frequency”
combinations, each with a schedule of encounters, with
re-assessment of status at 6-month intervals, as described
in detail above. We elected to create six categories, with
follow-up periods that ranged from 1 to 6 months de-
pending on the clinical provider and with no variability in
the re-assessment time interval. While this might not
mimic clinical practice exactly, we felt it was a reasonable
approximation while still yielding a model that was man-
ageable and feasible to manipulate. Depending on the
complexity of the clinical algorithm, the granularity with
which the end-user wishes to categorize different patient-
clinician combinations, the frequency of re-assessments,
and the likelihood of patients changing categories over
time, this process can be modified.
Given the burden of hypertension and other non-
communicable diseases (NCDs) around the world, it
is critical that governments, health systems, and
health facilities account for NCD-related health work-
force requirements in their planning and implementa-
tion processes [26]. The World Health Organization
(WHO) Global Strategy for human resources for
health states that the supply of health care workers
needs to reflect the increasing burden of NCDs [27],
and this type of health workforce estimation model
can assist health facilities, programs, and governments
with human resource planning. While we have limited
our model and analysis to health workers within the
formal health system, other cadres of health worker,
such as community health workers, can also positively
impact outcomes for hypertension and other NCDs
[28, 29]. Our model can be modified to take into ac-
count community health workers and other allied
health professionals, as required.
One limitation of our approach is that, as with any model,
the assumptions and inputs may not reflect exactly the real-
ity on the ground. While we acknowledge that this is an
issue, we feel that the model is flexible enough to accommo-
date variations in the inputs as required to match alternative
scenarios. Second, we assumed that no patients were lost to
follow-up or died. However, this parameter can be incorpo-
rated into the model as required, and workforce FTE esti-
mations would be adjusted accordingly. Third, the needs-
based approach proposed here assumes that hypertension-
related health care should be provided according to need ir-
respective of other considerations. However, other factors
may determine healthcare delivery, including costs, compet-
ing health priorities, cultural considerations, and societal
values. Finally, we acknowledge that other models of health
workforce estimation are available, such as task-based,
demand-based, health-workforce-to-population ratio, service
target-based, and probabilistic supply-demand matching,
and each has its respective benefits and drawbacks [30–32].
Nevertheless, the current proposal is a critical first step in
establishing a benchmark for health workforce estimation
for hypertension management in LMICs.
Conclusions
A needs-based workforce estimation model yielded full-
time equivalent estimates for different health worker
cadres required for hypertension management in western
Kenya. The model is able to provide workforce projections
that are useful for program planning, human resource al-
location, and policy formulation. This approach can serve
as a benchmark for future studies to manage chronic dis-
eases in low-resource settings worldwide.
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